Abstract Rates of return to pre-injury sport following anterior cruciate ligament (ACL) reconstruction are less than might be expected from standard outcome measures and there appears to be a rapid decline in sporting participation after two to three years. There are many factors that influence whether an individual will return to sport following this type of surgery. They include not only surgical details and rehabilitation, but also social and psychological factors, as well as demographic characteristics. Age is of particular importance with older patients being less likely to resume their pre-injury sport. It is important that future research clearly identify the pre-injury characteristics of the study cohort when investigating return to sport, and also that there is consistent and precise terminology used to report rates of return to sporting activities. Little is known about how to determine when it is safe to return to sport following ACL reconstruction or how to predict whether an athlete will be able to successfully return to sport. Finally, it needs to be recognised that return to sport following ACL reconstruction is associated with a risk of further injury and the development of osteoarthritis.
Discussion
The aim of most people undergoing an anterior cruciate ligament (ACL) reconstruction is to return to some level of sporting activity, however modest. Despite many reports of successful outcomes following ACL reconstruction, recent reports have suggested that the rates of return to sport may not match the success of this surgery as measured by other factors [2, 4, 5, 10, 13, 19, 25, 31, 44] . This discrepancy raises many issues and the purpose of this article is to explore return to sport following ACL reconstruction from a number of perspectives.
One of the most fundamental questions is what constitutes a return to sport? Precise terminology is important. A return to pre-injury sport may well be different to a return to pre-operative sport or sports activity level, particularly in the setting of chronic ACL insufficiency in which patients may well have participated in sport at a lower level or lesser intensity than prior to their ACL injury. In the past there may have been a tendency to use these terms interchangeably, giving an artificially high rate of return to the level of sport played prior to injury [1, 14] .
Furthermore, although following an ACL reconstruction, a patient may return to the sport in which they previously participated, it is important to clarify whether they have returned to training or competition and, if competition, whether it is at the same level of competition as prior to injury. Even if they have returned to the same level of competition, it is another matter as to whether they play with the same competency. Sports activity levels may appear to provide an objective measurement of sporting participating levels, but there may still be a discrepancy between the sports activity level and participation in pre-injury sport [15, 31] .
This of course assumes that, following surgery, the individual wishes to return to the same sport and at the same level. There are many factors that may influence patients' expectations and their post-operative expectations may not mirror their pre-operative expectations. Age appears to be an important factor. Older patients may not be as likely to return to their pre-injury sport as younger patients [2] . There may be many reasons for this. Work and family commitments may influence individuals' priorities, as may their motivation and abilityperceived or real-to recover from surgery and resume their previous sport.
In assessing reported rates of return to sport it is therefore important to know about many aspects of the study cohort: age as mentioned above, gender, type of pre-injury sport and the level of participation, and patient expectations. Study groups are often heterogeneous, making it difficult to extrapolate the results to a specific group [47] . Elite sportspeople, although facing potentially greater challenges in resuming their sport at the same level, may have a greater motivation and greater support to achieve a successful return to sport [30, 46] .
So what is the current reported rate of return to sport following ACL reconstruction? In a recent systematic review, Ardern et al. evaluated 48 studies that met their inclusion criteria [5] . The studies reported on outcomes in 5,770 patients at a mean follow-up of 42 months. Overall, 82 % of patients returned to some kind of sport, but only 63 % were participating in their pre-injury sport at followup. When competitive sport was considered, only 44 % were participating at follow-up. These participation rates were in contrast to the findings that approximately 90 % of patients were rated normal or nearly normal on impairment-based outcomes such as strength and knee laxity, and that 85 % were rated as normal or nearly normal on the basis of activity outcome measures such as the International Knee Documentation Committee knee evaluation form.
These rates of return to sport are similar to subsequent reports. Mascarenhas et al. found that 50 % of young (25 years or less at the time of ACL reconstruction) athletes returned to their pre-injury sport at some stage following surgery [31] . Brophy et al. reported that at a mean follow-up of seven years 36 % of soccer players were still playing compared to the 72 % that had resumed play at some time following their ACL reconstruction [10] . Similarly, Struewer et al. reported that the participation rate in pivoting and contact sports decreased from 78 % at two years to 45 % at 13.5 years, and for competitive sport from 65 % to 19 % [44] . Ardern et al. also found a discrepancy between the highest level of sport played at any time following surgery and sports participation at follow-up [2] . Sixty-one per cent had attempted their pre-injury sport at some time following ACL reconstruction, compared to 45 % who were participating in their pre-injury sport at follow-up at a mean of 39 months. For any level of sports participation the numbers were 93 and 66 %, respectively.
These studies raise the question of at what point one assesses whether a return to sport has been achieved. Ardern et al. also reported on return to sport rates at 12 months following surgery and found those who had not attempted their pre-injury sport at 12 months were just as likely to have returned to their pre-injury sport at a mean of 39 months after their surgery [2] . In a separate study of patients who had participated in competitive pivoting sports prior to injury, the same authors found that although only 33 % had attempted competitive sport at 12 months following ACL reconstruction, another 32 % still intended to return to competitive sport [4] .
Thus, assessing return to sport rates at 12 months may be too early and assessment of participation at three or more years may suggest lower "success" rates than considering the highest level of sport played at any time following ACL reconstruction surgery. In their systematic review, Ardern et al. found a slightly but statistically significantly higher rate of reported return to sport in studies with a mean follow-up of less than 24 months compared to those with a mean follow-up rate of 24 months or greater [5] . These findings seem to imply that there may be quite a rapid decline in sports participation after a peak at somewhere around two years following surgery. Patients who have successfully returned to sports may subsequently give up that sport or reduce their participation to a lower level for a variety of reasons [34, 37, 43, 44] .
Although authors have frequently reported absolute rates of return to sport following ACL reconstruction, albeit at different follow-up times, there is less information about when the subjects actually resumed sport. Although the mean times to return to pre-injury sport may be relatively short-in the order of six months or less-there is typically a wide range of values reported. For instance, although the mean times to resume pre-injury sport were 3.8 and 6.4 months for double-bundle and single-bundle ACL reconstruction in a study by Zaffagnini et al., the range was three to 24 months [52] . Similarly, Shelbourne and Gray reported a mean time to return to competition at full capability of 6.2 months, but a range of two to18 months [40] . In both studies the patients participated in varying levels of sport, competitive and recreational, making it difficult to extrapolate from the results.
In assessing reported outcomes of ACL reconstruction it is also worth noting that clearance to return to sport at a certain time point does not necessarily mean that patients actually returned to sport at that time. For instance, if individuals play a sport that is played on a seasonal basis, the timing of their surgery with respect to the stage of the season may influence their return to participation. There may be an added incentive to return earlier, e.g. at the start of the next season, than for a sport which is played all year round [4] . Alternatively, return to sport may be delayed until the commencement of the next season despite the patient being cleared by the treating practitioner to resume sport.
Warner et al. attempted to identify literature that compared return to sport rates for different sports [47] . However, they found only minimal data and could only identify eight studies that met their inclusion criteria. Most of these studies considered only one sport and useful comparisons between individual studies were limited due to methodological differences. Once again they noted heterogeneous populations in terms of age, level of pre-injury participation, time of follow-up and definitions of return to sport. They were able to conclude that return to activities such as bicycling and jogging was more likely than to cutting and pivoting sports.
Clearly there are many factors that influence an individual's ability, desire and decision whether or not to return to sport and at what level. Dunn et al. tried to quantify some of these factors [13] . They found that a higher pre-injury activity level was the strongest predictor of return to sport at two years after ACL reconstruction, while female gender, a higher body mass index (BMI) and smoking in the first six months prior to surgery were associated with a lower rate of return to sport. Other authors have also identified gender as important, although the differences may disappear with longer follow-up [2, 4, 48] .
Using the Tampa Scale of Kinesiophobia, Kvist et al. identified fear of re-injury as a significant factor in patients who did not return to their pre-injury activity level compared to those who did [23] . In another study to investigate the role of psychological factors in patients recovering from ACL reconstruction, Langford et al. [24] utilised the ACL Return to Sport after Injury scale (ACL-RSI scale) [49] and found that patients who returned to competitive sport at 12 months scored significantly higher (reflecting a more positive psychological response) at both six and 12 months than patients who did not return to competitive sport. More recently, Ardern et al. reported that patients who returned to their pre-injury sports level demonstrated less fear of reinjury than those who did not return to their pre-injury level [3] . Interestingly, for some of the questions used in their survey, patients who had surgery more than three months after injury had a greater fear of re-injury than those who had their surgery closer to the time of injury. One might speculate that this may reflect the patients having experienced episodes of giving way of their knee other than at the time of their original injury.
Apart from demographic, environmental and psychological factors, there are a number of surgical and rehabilitation variables that may also play a role in whether a patient returns to sports following ACL reconstruction. Most studies implicitly assume that the surgery has been done well from a technical perspective, although little is done to confirm this apart from measuring knee laxity. Graft types have often been compared, particularly hamstring tendon and patellar tendon autografts. No difference in rates of return to pre-injury activity level have been identified in either individual studies or meta-analyses [8, 19, 29, 31] . Similarly, no difference in return to sport rates has been identified between patellar tendon autografts and allografts [21] .
Although there has been much discussion regarding tunnel position and graft orientation, particularly in recent years, there is little information about the impact of these surgical variables on return to sport. Although an earlier meta-analysis did not find a clinical difference between double-bundle and single-bundle ACL reconstructions in terms of knee laxity [32] , more recent meta-analyses have shown improved joint stability with double-bundle procedures [26, 53] . Better control of tibial rotation might be expected to give a better functional outcome and therefore a potentially higher rate of return to pre-injury activity, but to date, so-called anatomical reconstruction has not been shown to result in higher activity levels [53] .
It has previously been noted that rates of return to preinjury sport might not be as high as would be expected on the basis of measurements of strength and knee laxity or activity outcome measures [5, 19] . From a broader perspective, the lack of correlation between what might be regarded as standard outcome measures and rates of return to sport raises questions about what we should be measuring following ACL reconstruction and whether the current assessment tools address the appropriate issues or are limited by a ceiling effect. For instance, in the widely used Tegner scale [45] , level 9 [competitive sports-soccer, football, rugby (lower divisions), ice hockey, wrestling, gymnastics, basketball] covers multiple levels of competition and participation, and it is quite possible for individuals to return to a lower level of their pre-injury sport but to maintain the same Tegner rating of 9. It is only if they drop from national representation (level 10) that a reduction will be identified.
Much has been written about rehabilitation protocols for patients who have undergone ACL reconstruction [11] , but there has been little evaluation of the influence of these protocols on outcome. In their landmark paper, Shelbourne and Nitz described their accelerated rehabilitation protocol in patients who had an ACL reconstruction using a patellar tendon autograft [41] . They observed that patients who were non-compliant with earlier restrictive rehabilitation protocols, and who progressed as they felt comfortable, did in fact progress more rapidly, and regained their function more quickly, without any deleterious effects. In a subsequent randomised controlled trial, Beynnon et al. compared accelerated and non-accelerated rehabilitation protocols, again in patients who had undergone ACL reconstruction with a patellar tendon graft [7] . Although they did not investigate return to sport per se, Tegner activity levels did not differ between the two groups and no deleterious effects of the accelerated protocol were identified. Although widely used, the effect of an accelerated rehabilitation protocol in patients who have had an ACL reconstruction with a hamstring tendon graft has not been evaluated in a controlled fashion. Some case series have shown that accelerated rehabilitation is not detrimental to the outcome of hamstring tendon ACL reconstruction [28, 30] , but Fujimoto et al. suggested that an early return to activity was associated with increased graft laxity [17] .
Similarly, although there are many opinions about the criteria that should be met before an athlete resumes athletic participation following ACL reconstruction [11, 22, 33] , there has been little prospective investigation of the validity of such criteria. In evaluating such criteria, one has to first determine the purpose of the criteria. Are they designed to determine whether an athlete is capable of resuming sport or are they designed to determine whether it is safe for an athlete to resume sport? In either case, one would need to record the outcomes of athletes who have and have not met the criteria and whether their ability to resume sport, either effectively or safely, reflects having or having not met the various criteria. To date, such an evaluation is lacking.
Returning to sport following an ACL reconstruction puts the individual at risk of both ACL graft rupture and rupture of the contralateral ACL. In a systematic review Wright et al. reported an overall risk of graft rupture of 5.8 % at a minimum of five years follow-up and an overall rate of contralateral ACL rupture of 11.8 % [51] . There was, however, a considerable range for both values. For ACL graft rupture the reported rates ranged from 1.8 to 10.4 %, and for contralateral ACL rupture, from 8.2 to 16 %.
Various factors have been associated with an increased risk of ACL graft or contralateral ACL rupture, but the evidence is conflicting with some authors finding few, if any, identifiable risk factors [37] . Shelbourne et al. found that a young age increased the risk of ACL graft rupture [42] , whilst Bourke et al. did not find an effect of age, but did find that male gender and a positive family history of ACL injury were associated with an increased risk of ACL graft rupture [9] . It is not clear whether it was youth per se that was associated with an increased risk in the study by Shelbourne et al. or whether youth was a surrogate for other factors such as increased activity, increased risk-taking or incomplete neuromuscular development. With regard to contralateral ACL rupture, female gender [42] and a positive family history, a return to pre-injury sport and an ACL reconstruction with a patellar graft [9] have been identified as risk factors, although there are also studies that did not identify gender as a risk factor [37, 50] . One study identified a young age as a important risk for contralateral ACL rupture, despite it not being a risk factor for ACL graft rupture in that particular series [20] . Overall, the variability between studies in terms of risk factors means that further investigation is still required.
Whilst Bourke et al. did not find a difference in graft rupture rates between patellar tendon and hamstring tendon grafts, allograft patellar tendon grafts have been associated with higher failure rates than autogenous patellar tendon grafts, particularly in young and active patients [6, 21] .
Whilst it is often assumed that an early return to sport is associated with an increased risk of graft rupture, Shelbourne et al. found no difference in graft rupture rates in patients who returned to sport before and after six months following surgery [42] . All patients in this large cohort had a reconstruction with a patellar tendon autograft. Glasgow et al. had previously drawn similar conclusions, again in patients with patellar tendon grafts, but in a smaller cohort [18] .
On the other hand, animal studies suggest that the graft goes through a maturation process that involves a number of stages that may put the graft at risk [11, 12, 39] . An initial period of necrosis and hypocellularity is followed by a phase of cellular proliferation and revascularisation. It is during that latter phase that the mechanical properties of the graft are at their lowest. Subsequently, a remodelling process, referred to as ligamentisation, occurs and the graft gradually adopts the morphology and mechanical properties of the native ACL. On this basis, a graft would be expected to be at increased risk of injury between six weeks and three months, a time period that corresponds to an increase in the demand of activities in most rehabilitation protocols. However, the mismatch between findings from animal studies and the limited evidence available from human grafts has been noted [12, 39] . It appears that in humans tendon autografts survive in the intra-articular environment and may therefore be less susceptible to damage.
Another risk of returning to sport following ACL reconstruction is that of sustaining damage to the menisci or articular surfaces, or of aggravating damage sustained at the time of ACL rupture. This in turn may increase the risk of developing osteoarthritis. In the past, a high prevalence of osteoarthritis has often been cited for ACL deficient individuals. However, a more recent systematic review, which took into account the methodological quality of studies, reported that the prevalence of osteoarthritis is lower than widely quoted [36] . The authors found a prevalence of knee osteoarthritis at ten years between 0 and 13 % for isolated ACL ruptures and between 21 and 48 % for combined injuries. Intuitively one might expect that ACL reconstruction would reduce the risk of further injuries and perhaps reduce the risk of osteoarthritis compared to resuming sport with an ACL deficient knee. Although there is some evidence to support this, there is stronger evidence to suggest that ACL reconstruction does little to reduce the risk of subsequent osteoarthritis [16, 27, 35, 36, 38] .
So one could perhaps look at the question of return to sport following ACL reconstruction from a philosophical perspective. That is, even if the surgery produces a wellfunctioning and stable knee, should athletes consider not returning to sport in an attempt to protect their knee from further injury and long-term degeneration? Such a view has been espoused [34] . This, however, begs the question of why reconstruct the ACL in the first place. With little evidence to show a protective effect of ACL reconstruction in terms of osteoarthritis, ACL deficient patients who do not wish to resume pivoting sports might well consider nonoperative management of their injury, unless instability interferes with activities of daily living.
Summary
In summary, the rates of return to pre-injury sport following ACL reconstruction are less than might be expected from standard outcome measures and there appears to be a rapid decline in sporting participation after two to three years. There are many factors that influence whether an individual will return to sport following this type of surgery. They include not only surgical details and rehabilitation, but also social and psychological factors, as well as demographic characteristics. Age is of particular importance with older patients being less likely to resume their pre-injury sport. It is important that future research clearly identifies the pre-injury characteristics of the study cohort when investigating return to sport, and also that there is consistent and precise terminology used to report rates of return to sporting activities. Little is known about how to determine when it is safe to return to sport following ACL reconstruction or how to predict whether an athlete will be able to successfully return to sport. Finally, it needs to be recognised by the practitioner and patient alike that return to sport following ACL reconstruction is associated with a risk of further injury and the development of osteoarthritis.
